Deficiencies in the terminology used to describe chiral systems exist for behaviors under various processes and thus a more general, robust terminology is considered. For example, the descriptions for characterizing melting point, solubility, and recrystallization behaviors were adopted well before it was realized that perturbation of the enantiomeric composition (ec) due to self-disproportionation could be effected by processes other than recrystallization such as sublimation, chromatography over achiral substrates, and even distillation. Thus, an endeavor has been made to address the question of universally describing behaviors under processes that effect, or are dependent on, the ec. The main terms that have been defined with respect to behavior are homomate (analogous to a conglomerate), heteromate, bimate (analogous to a racemic compound), and unimate (analogous to a solid solution) and they apply to melting point, solubility, recrystallization, sublimation, distillation, and chromatographic processes. Additionally, suggestions for improving the terminology for describing the states of chiral systems are also considered and the defined terms are: holemate (hol, ec = 100%), scalemate (scl, 50% < ec < 100%), and equimate (eqm, ec = 50%).
A clear consensus for describing chiral systems, both for processes, behaviors, and for the general state of systems, does not seem to be in effect despite the enormous amount of study devoted to chiral systems and their associated behaviors ever since the seminal experiments of Pasteur into the relationships between the crystalline state and chemical composition and their relation to optical rotation (OR) [1, 2] -thus consequently the very embodiment of chirality and the subsequent inferences for homochirality, not to mention of course, the very report of the spontaneous resolution of a conglomerate itself [3] . Invariably, whatever particular description is adopted encounters objection from one quarter or another and hence the obvious question, though rhetorical in nature, is, what is the origin of the confusion and ambiguity that exists? In part, confusion and ambiguity arise because authors may be, for example, be referring to a single molecule or type of molecule or, on the other hand, an aggregation of molecules or a real sample analysis without taking due care to be precise in their meaning and simply assuming that the context of the discussion is sufficient to effect a distinction. Another source of confusion is the fact that as new frontiers were explored or developed, the terminology failed to keep pace and terms were simply borrowed out of convenience. There is no better example of this than the term homochiral 1 [4] [5] [6] . Thus it is the intention of this report to help alleviate some of the deficiencies that have developed in the terminology in use with respect to chiral systems, especially since the systems that give rise to varying chiral behaviors have risen in number and complexity over the course of time.
One argument against new terminology, however, is that it in itself creates additional confusion and can be misleading, but this of course is not necessarily true. For example, the concept of inverse epimers [7] and the depiction of the relative stereochemistry [8] have been found to be most convenient and quite useful for the alnumycin Als [7, 9, 10] derived from bacterial sources [11] . To further illustrate the proposed [8] extension to the Natta projection system 2 , the following monoterpene 1 Perhaps somewhat enigmatically, the author does not feel compelled to push for the abandonment of the term homochirality. Homochiral is a general adjective and its use should be restricted to the molecular domain as per its originally intended use rather then also being used to describe macroscopic domains given the problems outlined by a number of authors [4] [5] [6] . Homochirality, on the other hand, though ostensibly the noun form of homochiral, has become thoroughly entrenched as a specific concept, that of the predominance of D-sugars and L-amino acids in the biosphere. Since there does not seem to be any need for use of the noun in the general sense, its continued use is therefore unproblematic. 2 Giulio Natta, 1903-1979. , the total number of possible stereoisomers is eight. The epoxidation of (+)-(4R)-limonene can thus yield four stereoisomers, but the depiction of all four of these stereoisomers (1b) in the one figure using conventional wavy-bond notation for indeterminate stereochemistry implies that in addition to 1S,2R and 1R,2S configurations, 1R,2R and 1S,2S configurations are also possible. Chemical sense prevails for the experienced reader, but for uninitiates and computer software, this may be less evident. Similarly for the cis and trans pair of stereoisomers depicted in 1c, but which can be portrayed unambiguously and errant-free by the depiction in 1d. Thus, for the depiction of all four stereoisomeric diepoxides of (+)-(4R)-limonene, structure 1e nicely fulfills the demands for clarity and consistency with chemical restraints. Overall, the terminology in use for processes, behavio ocesses, take for example the m Similarly, for 2α,9-dihydroxy-1,8-cineole [13] , to depict both enantiomers of this compound unambiguously, structure 2a depicted in Figure 2 fulfills the demands in contrast to 2b which, due to the undefined stereo bonds at C 1 -C 2 and C 1 -C 6 , implies the presence of one or other or both of the C-8 inverse epimers [7] {viz. (1S,2S,4R,8R) -2α,9-dihydroxy-1,8-cineole and (1R,2R,4S,8R)-2α,10-dihydroxy-1,8-cineole}, whilst 2c with undefined stereo bonds at C 8 -C 9 and C 8 -C 10 , implies the presence of one or other or both of the C-8 epimers {viz. (1S,2S,4R,8R) -2α,9-dihydroxy-1,8-cineole and (1S,2S,4R,8S)-2α,10-dihydroxy-1,8-cineole}, and finally, 2d merely implies the presence of one or other or both of (1S,2S,4R,8R)-2α, 9-dihydroxy-1,8-cineole and (1S,2R,4R,8R)-2β,9-dihydroxy-1,8-cineole. Clearly there are advantages to using the prescribed notion outlined previously [8] since using the conventional wavy-bond notation for indeterminate stereochemistry cannot permit the depiction of enantiomers without at least also indicating other diastereomers in this instance. Of note, these bond depictions of the recently proposed extension to the Natta projection system, in addition to being clear and unambiguous, can also readily lend themselves to stereo designations in computer software. [17] , and the Cornforths [18] , as well as many others, have recognized the need and urged for change. Two examples of ambiguous terms, homochiral and racemate, illustrate the point. Firstly, the original meaning of homochiral was defined by Lord Kelvin to refer to the stereochemical relationship between molecules (or between substituents, moieties, etc., within a molecule) that have the same sense of chirality, yet its meaning was, due to lack of a suitable alternative, expanded to incorporate the enantiomeric composition 4 (ec) of a sample [4, 5] , i.e. it morphed from molecular designate into a macroscopic description leading to ambiguity and oft times confusion. Secondly, the term "racemate" can elicit confusion [19] since its use may be intended to refer to a sample mixture comprising of a 1:1 composition of the enantiomers, or the user may be referring to a sample which will crystallize out as a mixture of the enantiomers with a set ratio, e.g. 1:1, of the enantiomers in the unit cell. The former application of the term is an analytical statement, the latter usage a statement on the behavior of a system 5 . It is worth noting that crystallization of the "racemate" can readily occur for compositions other than, and indeed well away from, 50% ec.
To consider various pr elting point behavior of a mixture of an enantiomer pair as the ec ranges from 0% -100% for one enantiomer. The melting point diagrams may conform to a conglomerate (alternatively, "racemic mixture" or "racemic conglomerate") as depicted in Figure 3 , or a racemic compound (alternatively, "true racemate" or just "racemate") as depicted in Figure 4 . A third, very distinct, behavior is also possible, that of a solid solution (alternatively, "racemic solid solution", "mixed crystal", or "pseudoracemate") with constant melting point. Whilst a plethora of terms is obviously undesirable, they do seem to, nonetheless, adequately describe idealized behavior. 4 The recommendations of Gawley [14] and Kagan [15] are preferred with regards to the use of enantiomeric composition (ec as the percentage of one enantiomer) over enantiomeric excess (ee). 5 Arguments that the meaning of the term "racemate" is always clear from the context fail to impress this author. 3 The geometric constraints of the fused-epoxide ring limits the C-1 and C-2 stereogenic centers to just 1S,2R and 1R,2S configurations. However, for unconventional behavior such as depi re, the aforementioned categorizations are, by cted in Figure 5 , should a compound behaving like this be described as a conglomerate or a racemic compound? Indeed, from either side of the 50% ec point, the linearity is suggestive of a solid solution. Thus, amendment to the terms currently in use could be worth considering for this point alone.
Furthermo well-entrenched custom, limited to melting point and solubility behaviors. But other processes, again also depending on the ec of the sample, can too exhibit divergent behavior or lead to perturbation of the ec due to the interaction of enantiomers with themselves (the term self-disproportionation of enantiomers (SDE) has been coined for such a process [20] ) and these include sublimation, distillation, as well as chromatography over achiral substrates. Finally, spectroscopic measurements in solution can also be perturbed by the preference for either homochiral or heterochiral interactions. Sublimation mple in either the sublimate or the residue [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] , but what constitutes a conglomerate or a racemic compound under such a process? For not only can the ec of the residue alter, but a tendency towards optical purification or the racemate can actually be dependent on the starting ec with, for example, high ec samples tending towards the optically pure state, i.e. the pure enantiomer, and conversely low ec samples tending towards the racemate. Clearly, eutectic points (ep), as for melting point/solubility behavior, exist for such systems. Of note, for some compounds exhibiting SDE via sublimation, there are cases which tend to either the pure enantiomer or the racemate irrespective of the starting ec. For the purposes of the definitions that follow, clearly the solid residue can be taken as the more stable state and the vapor/sublimate as the less stable. Thus, the former behavior is clearly akin to usual conglomerate behavior whilst the latter behavior is not comparable to any described behavior for recrystallization but can be considered to represent a type of reverse conglomerate behavior. Other mixed behaviors not clearly associated with a simple descriptor are also evident.
SDE v n similarly exhibit one trend or another with respect to the change in the ec of the pot residue or the distillate. In fact, multiple trends across the ec can occur, i.e. ep are identifiable. Thus, what terms are preferable to describe the boiling point trends or the trends of the ec changes of either the pot residue or the distillate? For the purposes of the definitions that follow, clearly the pot residue can be taken as the more stable state and the vapor/distillate as the less stable. For one system [31] , behavior in many respects resembles that of a racemic compound (an ep of lower stability with respect to both the pure enantiomer and the racemate) whilst inverted behavior also seems evident for another system [32] (an ep of higher stability with respect to both the pure enantiomer and the racemate). SDE antiomer self-disproportionation on achiral chromatography (ESDAC) [33] [34] [35] [36] [37] , bears some similarity to the aforementioned phase transitions, though some distinctions are apparent. Thus far, no examples exist of systems which are dependent on the starting ec with respect to the order of elution which always remains the same, i.e. either the enriched fraction elutes uniquely before or after the more racemic fraction (though one particularly spectacular example [38] [39] [40] does exist in which enriched fractions elute both before and after the more racemic fraction). For the purposes of the definitions that follow, the retarded portion of the eluting analyte is declared as the more stable state and the faster eluting portion as the less stable.
System bias can also be seen in many spectroscopic m inin be all manner of systems with a un e: heterom nglomerate behavior depicted in Figure 3 is ethods. For example, the phenomenon of self-induced diastereomeric anisochromism (SIDA) [33, 41] in NMR where signal migrations over the course of an enantiomeric titration of the distinct signals for each enantiomer are able to indicate the preference of homo-or heterochiral aggregates [42] . Even in cases where NMR signals do not split but nevertheless still migrate-referred to as atypical SIDA (aSIDA) [40] -system bias can still be inferred [33, 40] . Also, a variety of other spectroscopic methods, for example OR, have been demonstrated to exhibit nonlinear behavior over the course of an enantiomeric titration (i.e., the responses are nonlinearly dependent on the ec of the sample) and thus these cases also need to be addressed in terms of suitable descriptors.
Finally, there is also considerable interest in exam g the association of enantiomers by molecular modeling and rendering comparison between homochiral aggregations and heterochiral aggregations. Such studies have important relevance to the chromatographic case, whereby aggregates may be more stable if they are homochiral or heterochiral, though in ESDAC the elution order is dependent firstly on the thermodynamic preferences (homochiral vs. heterochiral), and then secondly on the chromatographic preferences (single molecule vs. aggregate) [33, 39, 40] .
Thus, how to descri iform and generalized system of description? What is desired is to have a terminology that takes into account an expanded set of processes and the suggestion herein is that new terms be adopted reflecting the stability preference for the system under the particular conditions at hand for the particular process in effect and their response to the change in ec. Firstly though, with particular respect to the ec of the systems, occasionally there is confusion, and often unwieldy nomenclature with divergent opinions on how to express the ec, particularly in consideration to behavior. Thus it is suggested that the categorization of samples (or states) with respect to their ec can be re-termed as follows: holemate 6 for an optically pure sample (i.e. a sample for which ec = 100%), equimate for a "racemate" or racemic sample (i.e. a sample for which ec = 50%), and scalemate 6 for anything in between these two limits, i.e. 50% < ec < 100%. Suitable abbreviations of these terms for use as prefixes in names would be hol, eqm, and scl, respectively, with the corresponding adjectival forms being, holemic, equimatic, and scalemic, respectively, and the property names being holemicity, equimicity, and scalemicity, respectively. Such terms are perhaps preferable to terms such as "pure enantiomer", "racemate", "racemic (mixture)", "partial racemate", "partially racemic mixture", and "non-racemic mixture" which do not seem to find universal favor. The term "pure enantiomer" has, of course, undesirable connotations for cases which are not chemically pure and vice versa whilst "racemate" and "racemic" are confusing with respect to melting point behavior and "partial racemate" and "partially racemic mixture" etc. are often just frowned upon for ec lying in the range 50% -100%. For systems which are not enantiomeric, the prefix quasi can readily be utilized, or simply the terms diastereomers, stereoisomers, etc. utilized as appropriate. A compilation of preferred terms and various old or alternate terms, including disfavored terms and terms to be avoided or restricted in their use, is presented in Table 1 .
Regarding behavior, the suggested terms ar ate for when the equimatic state is more stable and the addition of the enantiomer of lower ec to an scalemic sample enhances the stability of the system; homomate for when the holemate is preferred and addition of the enantiomer of higher ec accordingly leads to greater system stability; unimate for when the system is indifferent to the ec; bimate for when the system displays both heteromatic and homomatic behaviors depending on the ec with the implicit assumption that the state below the ep is heteromatic and the state above it is homomatic; and trimate for when the system displays all three behaviors with the implicit assumption that the state below the first ep is heteromatic, the state above the second ep is homomatic, and the state in between is unimatic. Subindices can be used to indicate ep, e.g. n in the case of a bimate and n and m in the case of a trimate (with n < m). Reverse order behavior in the case of a bimate can be indicated by a negative value for n whilst reverse order in the case of a trimate can be indicated by an interchange of n and m. For unconventional behaviors or limited examinations, regions can be indicated by subindices such as n-m, n→, or →n where n and m represent ep and the arrows imply from n to 100% and from 50% to n, respectively. For systems which are not enantiomeric but which display similar composition dependent behaviors, the prefix quasi can similarly be readily utilized, or not with the implication that one is referring to diastereomers, stereoisomers, etc. The terms homomate, heteromate, and unimate can also apply equally well to the relative stabilities of particular macroscopic states without a process being applied.
Thus, the co unequivocally described by the term homomate whilst the racemic compound behavior of Figure 4 is fully enunciated by the term bimate 80 . The system of Figure 5 may be described quite comprehensively as a unimate →80 (thus equating to a solid solution within this prescribed range) and as a homomate 80→ whilst the behavior depicted in Figure 6 can succinctly be described as a -based behaviors and states.
Term Definition and comments
Old/alternate terms, including disfavored terms and terms to be avoided or restricted in their use Table 1 . Definitions and summary of preferred terms for chiral homomate behavior: increasing the ec of the dominant enantiomer leads to a more stable system; one ep present at 50% ec if the compound is homomatic across the range 0% -100% ec (assumed unless stated otherwise); homomates can be regular (e.g. Figure  3) [40] diastereodifferentiation the identification of an diastereomer, the quantification of distereomeric composition -
The term describes both chiral selectand (CS), chiral modifier (CM), chiral auxiliary (CA) SDE nal chiral influences SIDA [33, 41] aSIDA [40] [ [33] [34] [35] [36] [37] eee, enantiomeric self-amplification of optical activity, enrichment on achiral chromatography toseparation of enantiomers, enant omer differentiation, separation of excess enantiomer, enantiomeric enrichment, optical nantiodifferthe identification of an enantiomer, the quantification of ec, and/or the determination of absolute configuration -(dc), and/or the determination of absolute/relative configuration a chiral entity (reagent, solvent, complexing substrate, stationary phase, etc.) that effects enantiodifferentiation by interaction with the analyte. chiral solvating agents (CSA) and chiral derivatizing agents (CDA)
self-disproportionation of enantiomers; perturbation of the ec due to the interaction of enantiomers with themselves, i.e. not due to exter [20] enantiomeric excess effect (eee) o re dissention with regards to the "correct terminology" that should be used. It is also worth emphasizing the need ,5] to have a clear distinction between macroscopic xperimental analysis) and molecular (conceptual) domains as well as the state-dependent behavior of systems and the interactions or relationships between molecular entities. Thus, the molecular level is described by R and S nomenclature etc., the macroscopic state and aggregations by the ec (and terms such as holemate, scalemate, and equimate), the conceptual level and relationships by terms such as homochiral and heterochiral, and the behavior of systems and interactions by term such homomate of e t tery 
